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Acne vulgaris, a prevalent disorder of the skin, is found to increase the incidence of suicidal ideation in
acne patients (~7.1%). This creates a dilemma in the mind whether acne is a life threatening disease
among humans. The main inducer for this multifactorial disease is microbial ﬂuctuation of common
resident microbes on the skin with each microbe possessing their own purpose and style in protecting
the human body. For acne progression, the microbial population has to get around the defense barriers of
the host skin and be able to also resist them in order to survive. These matters have been resolved by
their pathogenic lifecycle and associated virulence factors coded within their pathogenic islands in the
single circular chromosome. This review addresses the different microbial populations residing in acne
lesions and promoting acne by emphasizing their pathogenic mechanisms and the genes associated with
virulence factors involved in the development of acne. Model systems such as animal models and cell
culture models in studying the pathogenic lifestyle of the microbes are also addressed.
Copyright © 2016, Taiwanese Dermatological Association.
Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Being composed of two primary layers of mammalian
skindepidermis and dermisdthe skin organ represents a formi-
dable barrier providing host skin defense by producing molecules
like proteases, lysozymes, and antimicrobial peptides. The skin
epidermis forms the outermost layer of the skin which resists mi-
crobial penetration and potential toxins inside the body. The
dermal skin hosts several substructures like hair follicles, seba-
ceous glands, apocrine, as well as eccrine sweat glands, thus mak-
ing the skin surface look uneven, with lines, ridges, and
invaginations.1e3 The sebaceous glands present in the thick skin
produces sebum that spills into the hair follicle. Apocrine sweat
glands excrete a fatty substance, whereas eccrine sweat glandsy have no ﬁnancial or non-
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al Association. Published by Elseviproduces salty ﬂuid that helps with the maintenance of thermo-
regulation inside the body.4 Thus, the skin is predominated by
factors such as pH, temperature, moisture, sweat, and sebum con-
tent, making it an intricate habitat for a rich community of mi-
croorganisms that outnumbers the human body's own cells.
Being home to a diverse group of microorganisms, the skin rep-
resents a complex ecosystem. From the entire complex microbial
diversity of the skin, trillions of bacteria, fungi, and small arthropods
have been isolated, identiﬁed, and studied using culture-based as
well as culture-independent methods.4e6 Bacterial species predom-
inating the skin, mainly belong to four phyla: Actinobacteria, Proteo-
bacteria, Bacteroidetes, and Firmicutes out of which over 60% of the
bacterial species belong to three genera: Staphylococcus, Corynebac-
terium, and Propionibacterium.3,4,7 Microbial ﬂuctuations in the skin
ecosystem can contribute to perturbation and consequently causes
disease. Although microbes protect the human host, they have also
been implicated in the pathogenesis of several skin diseases.5,8
The pathogenic life cycle of bacteria is mediated by virulence
genes encoding virulence factors within their pathogenic islands.
The virulence genes, unlike house-keeping genes, are characterized
by the production of toxins, adhesins, invasions, or other types of
factors, present preferably in the pathogenic microorganisms.9,10er Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://
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the host by promoting interaction between the host and organism
and also by damaging and degrading the host tissues. For instance,
camp5, gehA, tly, sialidases, neuraminidases, and endoglycocer-
amidases are some of the virulence factors of Propionibacterium
acnes which causes acne vulgaris.11 Lipases, fatty acid modifying
enzyme, polysaccharide intercellular adhesion (PIA), and poly-
glutamic acid are the virulence factors in Staphylococcus epi-
dermidis.12,13 Adhesins, ﬁbronectin binding protein (FnBp)-A, FnBP-
B, proteases, lipases, and hyaluronidases are the virulence factors in
Staphylococcus aureus.14,15 Thus, each pathogen follows its own
pathogenic strategy, with a diverse and unique set of genes/factors
operating in a concerted manner to cause disease in the host.
This review focuses on the mechanism of the pathogenesis
leading the pathogen to cause acne vulgaris. In particular, the
pathogenic life cycle of the microorganism and the associated
virulence factors encoded within its own genome are discussed.
Based on available literature, we have tried to explore how these
microbial populations attach themselves and survive within the
host skin to promote acne. However, unlike these issues, the
availability of appropriate model systems to study acne pathogen-
esis is poorly understood. In this review, all the possible model
systems such as cell culture as well as animal based model systems
are also discussed.
Acne vulgaris
Acne vulgaris, a disease affecting the skin's oil glands, is one of the
most common skin disorders, making a signiﬁcant number of the
human population prone to acne. Although the disease is not life
threatening, it affects the quality of life by creating a psychological
burden due to the exhibition of diverse lesions on the face, chest,
shoulders, and back.16 The prevalence of acne vulgaris is around
65e75% of teenagers and youths.17 Accumulation of sebum and
dead skin cells within the sebaceous follicle enhances the microbial
load, which disrupts the follicular wall resulting in the inﬂamma-
tion of the skin called acne (Figure 1). Sebum production and
hormonal changes are the endogenous factors, whereas the change
in the activity of the skin microﬂora is the most contributing factor
in the pathogenesis of acne. The microbial ﬂora isolated from acne
patients that seems likely to lead to acne pathogenesis includes:
P. acnes, S. epidermidis, S. aureus, Klebsiella pneumoniae, Strepto-
coccus, Enterobacter, etc, (Tables 1 and 2).16,18
Propionibacterium acnes
P. acnes, an opportunistic pathogen that plays an important role in
the progression of inﬂammatory acne vulgaris, are ubiquitously
present within the sebaceous follicles of the human skin. These
acne-causing bacteria are usually gram positive, nonmotile, fat
splittingmicroorganisms, having the ability to grow under different
oxygen tensions. Being an exclusive occupant of the follicular canal,
when clogging of hair follicle happens the bacterium aids in the
rupturing of the follicular walls, using their secretory enzymes with
degradative properties (Figure 1).19e21 These bacterium also target
other skin cells, namely, keratinocytes and phagocytic cells like
macrophages, stimulating the cells to produce proinﬂammatory
cytokines, including interleukin (IL)-1b, IL-8, IL-12, and tumor ne-
crosis factor-a, leading in the inﬂammatory acne disease.21e24 The
genomic information clearly highlights that the products of the
P. acnes have a major impact on the acne process, but not the
invasiveness of the organism. The notable virulence genes involved
in the pathogenesis of acne are camp5, gehA, tly, sialidases, neur-
aminidases, endoglycoceramidases, lipases, and hemolysins (Tables 1
and 2).11,20 The lipoglycan-based cell envelope and theirextracellular secreted lipase, particularly triacylglycerol lipase,
encoded by the gehA gene assists in the adherence and the colo-
nization of the bacterium to the sebaceous follicle. The other
product which aids in the acne process by destroying the host
tissue includes porphyrins, hyaluronate lyase, endoglycocer-
amidase, sialidases/neuramidase, cardiolipin synthetase, and cal-
icineurin like phosphoesterase (Tables 1 and 2).10,11 The organism
further possesses several proteins associated with cell invasion,
which are secreted by genes, namely PAmce, PAp60, and cell surface
antigen, which are produced by htaA and hsp20.25 These help the
pathogen to invade the host cell further and makes it highly
immunoreactive, thereby establishing high virulencity. It is logical
to think at what point the virulence factors secreted/produced fulﬁl
the functions of themicroorganism turn out to be dangerous for the
host, which is actually a skin commensal.
Staphylococcus epidermidis
S. epidermidis is a facultative anaerobe of cutaneous microbiota
harbored in acne lesions. These microbes which are nonpathogenic
resident ﬂora of the human skin at some point of life turns into an
infectious agent due to extrinsic factors like an immune system
deﬁciency.26 The ﬁrst and foremost virulence factor produced by
this organism is fatty acid modifying enzyme which esteriﬁes the
fatty acids in the skin to cholesterol, as fatty acids are bactericidal
for the organism to survive.27 The bacterium possesses several
adhesion factors for its attachment to the skin surface, like surface
anchored proteins, ﬁbrinogen binding protein, autolysin protein,
PIA, and poly-N-succinyl-glucosamine, helping as a probable
attachment factor.13,28,29 The potentially virulent S. epidermidis also
has the ability for bioﬁlm formation and is a reservoir of antibiotic
resistance genes, which get horizontally transferred to other or-
ganisms.28,30 In the process of acne development, the lipases (geh1
gene) and the delta-haemolysin (hld gene) are two virulence factors
that have an impact in acne inﬂammation (Tables 1 and 2).13
Although they have such virulence characteristics, they have been
found to rarely damage the keratinocytes in the skin. This has
shown that S. epidermidis secreted the exopolysaccharide inter-
cellular adhesin (PIA), which is responsible for bioﬁlm formation
and protects them against major components of human innate host
defence.28e30 This bioﬁlm provides the favorable anaerobic condi-
tions to grow P. acne in an easy manner.
According to Pathak et al.,31 the population of S. epidermidis and
P. acneswere found to be increased by ~70% and ~82%, respectively,
in acne patients compared with controls. The microbial load of
these microbes was found to be increased simultaneously in the
case of acne, which indicates some important role of these two
bacterium in the development and regulation of acne disease. On
the basis of above evidence, we can say that S. epidermidis plays an
important role in acne pathogenesis not in a direct manner but in
an indirect manner. Therefore, it might be assumed that
S. epidermidis strains secrete virulence factors to a certain extent,
but the beneﬁcial activity of the microorganism should also be
considered. Being found to occur in massive loads in acne patients
compared with normal human skin raises a question whether they
are the source of disease or defense.8,31 A potential research
including RNA sequencing and quantitative whole-cell proteome
analysis of S. epidermidis as well as affected tissue at different stages
of disease development might help to better understand the role of
this bacterium in acne pathogenesis.
Staphylococcus aureus
S. aureus, the most prominent member of the skin microbiota, plays
a role as a pathogen in many skin infections such as folliculitis and
Figure 1 Schematic representation showing the steps involved in the pathogenesis of Propionibacterium acnes in acne disease progression: (A) important factors within P. acnes
contributing acne pathogenesis; (B) adhesion and entry into the hair follicle; (C) P. acnes buildup and secretion of virulence factors; (D) mechanism involved in the formation of acne
lesions; and (E) acne inﬂammation.61
Table 1 Functions of the virulence factors contributing to the pathogenic life cycle of Propionibacterium acnes and Staphylococcus epidermidis, playing a direct role in the
development of acne.
Microorganism Virulence factor/gene involved in pathogenesis of acne Functions
Propionibacterium acnes Christie, Atkins, Munch-Peterson factor Immunoglobulin binding, pore-forming toxins
Triacyl glycerol lipase (gehA) Hydrolyse sebum triglycerides
Haemolysin-tly Damage to blood cells
Sialidases Host tissue degradation
Porphyrins Damage to skin tissue
Endoglycoceramidases Disrupts cell surface components
Hyaluronate lyase Cleaves extracellular matrix of connective tissue
Dermatan sulphate adhesion Putative adhesin
Staphylococcus epidermidis Poly geDL-glutamic acid Osmoprotection for the organism
Polysaccharide intercellular adhesion Adhesion to skin surface
Poly N-succinyl glucosamide Adhesion to skin surface
Autolysin (Atl E) Initial attachment factor
Autolysin (Aae) Bacteriolytic & adhesive property
Bioﬁlm associated protein Bioﬁlm formation
Accumulation associated protein Adhesin in skin colonization
Bacteriocins Colonization inhibition
Fatty acid modifying enzyme Inactivates bactericidal fatty acids by esterifying them to cholesterol
Surface protein (fbe or sdrG) Bacterial adherence to ﬁbrinogen
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has been reported.32,33 In order for the pathogen to invade the host
cell, it produces extracellular matrix and serum binding proteins
such as adhesins [surface protein (SasG)] and the ﬁbronectin
binding proteins FnBP-A and FnBP-B. These factors help in their
internalization into the host cells by connecting them to the cellular
integrins. Once it invades the human skin as a pathogen, it starts
producing several extracellular enzymes such as proteases, lipases
(geh1), hyaluronidases, and collagenase, that aid in tissue damage
and thus helps the pathogen to spread into the deeper tissues.33,34
Further, in their pathogenic life cycle, they are known for theirproduction of exfoliative toxins, such as enterotoxins AeE, toxic
shock syndrome toxin-1, PantoneValentine leucocidin, leukocidin
E-D, S. aureus exotoxin, and cytotoxins such as a-, b-, g- hemolysins
(Table 2).35,36 The organism produces enzymes, namely staph-
ylokinase (sak) and aureolysin: the ﬁrst enzyme binds to defensins
preventing them to act against the pathogen, while the latter one
binds and cleaves human cathelicidin LL-37, offering further pro-
tection for the pathogen to establish their pathogenicity in the
human system.35,37
Although a certain level of bacterial interactions with the host at
a molecular level has been understood, the challenges for improved
Table 2 Overview of genome size, GC%, virulence genes/factors produced in their pathogenicity islands, and other associated diseases of the organism associated with acne
development.
Microorganisms Genome
size (Mb)
GC
content (%)a
Notable virulence genes/factors Other associated diseases Refs
Propionibacterium acne 2.56 60 GehA, lipases, porphyrins, sialidases,
endoglycoceramidase, CAMP 5, tly, hyaluronate
lyase, DsA, HtaA, endo-b-N-
acetylglucosaminidase, putative adhesins, &
surface associated protein, proteases
Acne vulgaris, endocarditis, osteomyelitis,
prostate cancer, sarcoidosis, prosthetic hip
joint infection, pustulosis, hyperostosis &
osteitis, acne inversa
62e64
Staphylococcus aureus ~2.8 32.8 Sphingomyelinase (b-toxin), OatA, a-, b-, d-, g-
hemolysins, LukFs, EntB, Aur, SspA, SspB, geh1,
staphylokinase, aureolysin, enterotoxins A-E,
PVL, toxic shock syndrome toxin-1, ETA, B & D,
leucocidin E-D
Bacteremia, necrotizing pneumonia,
endocarditis, atopic dermatitis, impetigo,
soft tissue infections, septicemia, food
poisoning, conjunctivitis, skin infections
13,34,65e68
Staphylococus epidermidis ~2.6 32.1 PGA, PIA, AtlE-adhesins, Aae-autolysin, PNSG,
glutamyl endopeptidase (Esp)
Real sepsis, primary bacteremia, pyogenic
infections, nosocomial infections
13,30,69
Streptococcus pyogenes 1.8 39.1 Emm, Scl A, sof, sagA, speB, ska, Sdb, Fnb, F-
protein, hyaluronidase, DNases, lipoproteinase,
scpC, C5a peptidase, hyaluronidases, SLO,
streptococcal superantigens (SpoA, SpeC, SmeZ)
Pharyngitis, impetigo, streptococcal toxic
shock syndrome, puerperal sepsis,
streptococcal myositis, bacteremia
39,40,70
Streptococcus agalactiae ~2 35.6 scpB, C antigen, b-protein, Lmb, CspA, R antigen,
b-H/C-CylE, CAMP, Cps, PI-1 & 2a, hyaluronate
lyase
Skin, soft tissue & urinary tract infections,
pneumonia, meningitis, obstetric &
neonatal bacterial sepsis, peritonitis
71e73
Klebsiella pneumoniae 5.2 57.7 MagA, RmpA, aerobactin, Cps, Pili, K-antigen,
type 1 & 3 adhesins, enterobactin
Gram-negative folliculitis, pneumonia,
urinary tract & soft tissue infections, brain
abscess, liver abscess
52,53,74e76
CAMP¼ Christie, Atkins, Munch-Peterson factor; PGA ¼ poly-glutamic acid; PIA ¼ polysaccharide intercellular adhesion; PNSG ¼ poly-N-succinyl b-1-6 glucosamine;
PVL¼ PantoneValentine leucocidin.
a GC content: guanine and cytosine content in individual micro-organisms.
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genic mechanism has to be addressed. Levy et al38 showed that the
prevalence and resistance patterns of S. aureus and Streptococcus
pyogenes in the oropharynx of individuals with acne are higher
compared with those without acne, which indicates that both
bacteria are associated with acne but the exact mechanism is still
not explicit.
Staphylococcus pyogenes
S. pyogenes, inhabiting skin surfaces, are b-hemolytic and catalase
negative in nature and are found to be inhibited by the free fatty
acids released by P. acnes, which breaks the host cell. The patho-
genicity is due to the expression of an array of virulence factors by
the microbes.39 In the initiation of the pathogenic mechanism, the
organism binds to the epithelial cells of the skin and interacts with
the host using its adhesins and its hyaluronic acid capsule. The
adherence, colonization, and the interaction with the host is
mediated by the M-proteins, a virulence antigen on their surface.
These M-proteins are encoded by emm gene in the pathogenicity
islands.39,40 Further, bacterial migration through the host extra-
cellular matrix is promoted by the secretion of enzymes such as,
hyaluronidase, streptokinase, and DNases, which helps in the
dissemination of the organism by degrading and hydrolyzing the
host connective tissue/matrix. The pyogenic exotoxin named
cysteine protease encoded by the speB gene plays a major role in
the facilitating system, bacterial dissemination, and host death by
its indirect action. The other exotoxins such as SpeA, SpeC, and
SmaZ, acts as superantigens, are the proinﬂammatory molecules
that proliferate the secretion of cytokines by binding to major
histocompatibility complex-II and T-cell receptors and produce
rashes on the skin (Table 2).40,41 The genes speB and speA are
repressed byNra like transcriptional regulator, which are expressed
more during the stationary phase growth of the microorganisms.
There is a report which shows that in the case of puerperal fever
S. pyogenes inhabits the skin and pimples indicating the association
of S. pyogenes with acne. It has also been reported that S. pyogenes
in the oropharynx of individuals with acne showed higherprevalence and resistance pattern compared with those without
acne.38,42 Based on the above study, the association of S. pyogenes
with acne indicates their possible association in the pathogenesis of
P. acnes directly or indirectly. Understanding the regulatory path-
ways involved in the expression of virulence products at different
conditions may advance our knowledge about pathogenesis of
S. pyogenes in cutaneous disease including acne vulgaris.
Streptococcus agalactiae
Like other microorganisms, S. agalactiae is also found on the surface
of the human skin which causes prominent diseases such as
septicemia, pneumonia, etc. Two major virulence factors, namely
pore-forming toxins and the capsular polysaccharides, will be dis-
cussed here in themechanism of pathogenesis. Pore-forming toxins
such as b-hemolysin/cytolysin and CAMP factor are produced
during their pathogenic lifecycle, which mediates their entry into
the host cells like epithelial and endothelial cells, by forming pores
into the host cells. The b-hemolysin/cytolysin is encoded by the cylE
gene and can lead to an inﬂammatory response in the host cell, due
to their pore forming ability. Whereas CAMP factor, encoded by the
cfb gene, leads to cytolysis (Table 2).43,44 The other contributing
factor for the virulence is the capsular polysaccharide of the path-
ogenic agalactiae enriched with sialic acid residues, by which the
host immune system fails to identify the invader.44,45 Being enco-
ded by cps genes, they prevent phagocytosis and also inhibit the
activation of the alternate complement pathway by preventing the
deposition of the complement factor C3.46 C5a peptidase (scpB)
cleaves and inactivates the principal chemoattractants of the
phagocytic cells, human C5a and hyaluronidase helps in the
spreading of Group B Streptococcal infection.44,47 The molecular
mechanism behind the virulence factors involved in the patho-
genesis will give an idea for developing disease treatment strate-
gies. P. acnes has CAMP virulence factor, which shows a similar
cohemolytic reaction with both humans as well as sheep erythro-
cytes. In S. agalactiae, there are ﬁve genes with sequence homology
(~32%) to the cohemolytic CAMP factor. Additionally, it has been
reported that S. agalactiae CAMP factor acts as a pore-forming toxin.
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and b-toxin from S. aureus describes the synergistic hemolysis of
the sheep erythrocytes.48e51 On the basis of above evidence, we can
predict that S. agalactiae might be involved in the pathogenesis
progression of P. acnes. However, the transition of the commensal
organism to an invasive pathogen should be addressed answering
the environmental conditions at which the organism breaks its
virulence factor repression.Klebsiella pneumoniae
K. pneumoniae is a gram-negative bacterium found on the skin ﬂora
and that causes infections in acne patients undergoing long-term
antibiotic therapy. Exhibiting various virulence factors such as
capsular polysaccharides, adhesins, siderophores, etc., these viru-
lence factors are responsible for producing papules and pustules in
acne patients, called as gram-negative folliculitis.52,53 Evolutionary
studies of virulence factors in K. pneumoniae may help in devel-
oping measures to prevent systemic infection caused due to the
pathogen, by early detection of the virulent strain. We have isolated
so many K. pneumoniae strains from acne lesions compared with
normal skin samples in our laboratory and these strains have been
submitted to the National Centre for Biotechnology Information
database (e.g,. accession numbers KF268364, KF268365, KF268372,
and KF268374). On the basis of the presence of K. pneumoniae
strains only in acne lesions and not in healthy skin, we can hy-
pothesize that this bacterium is directly or indirectly associated
with pathogenicity of acne.Model systems available to study acne pathogenesis
Cell-based model systems
Sebocytes, keratinocytes, and macrophage cell cultures are pri-
marily used in acne research, as these skin and immune cells come
into the immediate locality of the pathogenic microbes followed by
follicular wall damage after the intrusion. SZ95, SEB-1, and SEB-
E6E7 are the immortalized human sebaceous gland cell lines
preferred among the scientiﬁc community in sebaceous gland
regulation and activity studies and in the understanding of the
pathophysiological mechanisms of acne.54 Naturally, sebocytes
constituting the sebaceous glands are able to produce proin-
ﬂammatory lipids, cytokines, chemokines, antimicrobial peptides,
and neuropeptides during acne progression due to the stimulation
of their receptors by the pathogen secreted factors. This regulated
biological function of sebocytes causes inﬂammation during acne
disease. In the same manner, a sebocyte cell line (SZ95) possesses
several receptors such as peroxisome proliferator-activated re-
ceptors, Toll like receptors (TLRs)-2, TLR-4, TLR-6, CD 14, histamine-
1 receptors, and liver X receptors, which on stimulation by
chemotactic factors like secreted factors/virulence factors releases
inﬂammatory factors like cytokines IL-8, histamines, etc. Kerati-
nocytes, constituting the outer epidermis, actively participate in the
innate immune response due to the expression of antimicrobial
peptides, human beta defensin (HBD) factor-1, HBD-2, HBD-3, and
cathelicidin LL-37, IL-6, and IL-8 via TLR-2, epidermal growth factor
receptor, and nuclear factor-kappa-B activation induced by patho-
genic bacteria stimuli.23,55 These immune cells are anothermark for
the invaded microorganism like P. acnes during acne pathogenesis.
HaCaT keratinocyte and murine RAW 264.7 macrophage cell lines
are commonly used during the pathogenic mechanism study.21,55
Several assays are utilized in the cell-based model system to
study the pathogenic role of the microbes in mediating acne by
assaying the release of these inﬂammatory agents.Animal-based model systems
Pathogenic mechanisms of microbes involved in acne can be easily
studied using animal basedmodel systems. Choosing a right animal
model is a tricky task, as beasts (mice, rabbits, and hamster) are
recognized to produce low levels of triglycerides which do not tend
to harbor microorganisms such as P. acnes. Mouse models are
preferred, due to their small size and higher availability. Usually the
microorganism needs to be injected subcutaneously in the mouse
ears to study the inﬂammatory potential of the microbes during
their pathogenic life cycle.56,57 Rhino mouse and nude mouse are
more commonly used in the studies of acne pathogenesis.58e60
Guinea pigs are also considered in the study of acne pathogenesis
as they are found to harbor signiﬁcant P. acnes population in the
sebaceous regions.58,59 Although dogs are found to produce no
triglycerides in their sebaceous regions, Mexican hairless dogs may
be used to study comedolytic activity, as the skin is covered with
comedones.60
Conclusion
Human skin, acquired by birth, continuously faces microbial chal-
lenge to offer protection to the human system by maintaining ho-
meostasis with resident microbes. Despite its role, certain microbes
turn into opportunistic pathogens under certain conditions and
causes skin disorders like acne. Even though more than 75% people
face acne outbreaks, the cognition of the microbes causing acne is
still lacking, bringing our attention towhen lysozymes are there, do
we really have to think about external microbes? Several microbes
such as P. acnes, Enterobacter, S. pyogenes, and K. pneumoniae are
isolated from acne lesions. P. acnes is the microorganism reported
to cause acne, but their presence with other microbes in acne le-
sions seems to be a puzzle, as they have their own role in causing
other diseases. The knowledge of the pathogenic mechanism of the
microorganisms in causing acne inﬂammationwill provide answers
for developing a treatment strategy, prevention, and the under-
standing of their role in acne disease. Many details remain to be
ﬁlled by further work, building on those certain queries could be
possibly addressed such as under what conditions are the virulence
genes turned on and the other virulence genes/factors produced.
Further, regarding the lifespan of the microbes once it enters inside
the acne lesions, what are the responsible factors switching on their
opportunistic pathogen identity? These queries which can be
addressed by a proper model system may provide an effective
answer to produce a therapeutic strategy by targeting particular
genes.
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